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(57) Abstract 

A smoke detection 
and alarm system including 
one or more low cost 
battery operated smoke 
alarms (5) fitted with 
internal non-rechargeable 
standby batteries (BI), a 
reactive primary power 
supply derived from mains 
supply, and connecting 
means for connecting the 
reactive power supply to 
each of the system's smoke 
alarms, the system being 
characterized in that (I) 
said reactive primary power 
supply comprises: (al) 
means for providing a d.c. 
supply of slightly higher 
than the smoke alarm 

standby battery voltage; and (a2) means for detecting the higher than quiescent current supplied by the reactive power supply when any of 
the smoke alarms connected as pan of the system is in alarm or in self-test mode; and (a3) means of lowering the dx. supply voltage 
made available to power the system's smoke alarms when a higher than quiescent current is detected; and (2) said smoke alarms comprise: 
(bl) means by which all the current required under quiescent condition, with primary power available, is supplied by the reactive primary 
power supply; and (b2) means by which a very high proportion of the current required when any of the system's smoke alarms is in 
self-test mode is supplied by the smoke alarm battery as the d.c. voltage of the reactive primary power supply drops in self-test mode; and 
(3) all the above system's characteristics resulting in: (cl) the condition of the standby battery of each smoke alarm being tested at regular 
intervals to provide an audible warning if the banery is depleted, disconnected or missing; and (c2) the standby battery of each smoke 
alarm supplying quiescent current only for very brief periods to result in the standby batteries having a longer life well in excess of the 
average one year life common with existing systems; and (c3) the system being of very low overall cost and of much improved reliability. 
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SMOKE ALARM SYSTEM WITH STANDBY BATTERY AND REACTIVE 

PRIMARY POWER SUPPLY 

This invention relates to a smoke detection and alarm system as used in buildings to provide 
an early warning in case of fire. Smoke detection and alarm systems incorporating smoke 
alarms are extensively used in domestic dwellings, motels, hotels, hospitals, old people's 
homes and other commercial premises. Such systems are of four main types aO of which 
present difficulties or disadvantages as foDows: 

Type} 

A smoke detection and alarm system comprising of low cost battery powered self-contained 
standalone smoke alarms utilizing internal batteries, usually of the 9V non-rechargeable 
type, for their operation. This type of smoke alarm has a very low quiescent current and at 
regular intervals, normally not exceeding 60 seconds, the smoke alarm enters into a self-test 
mode when the current is briefly increased to a value much above the quiescent current. 
The electronic circuitry of the smoke alarm detects whether the banery voltage in self-test 
mode is above a certain threshold value. If the battery voltage is detected to be below the 
threshold value, normally around seven and a half volts, the smoke alarm activates an 
internal circuit to produce a brief audible warning indicating a low or depleted battery 
requiring replacement 

The difficulties/disadvantages of Type 1 smoke alarms are: 

(i) The smoke alarms are powered from only one source, their internal batteries. Should 
the battery of a smoke alarm be removed or disconnected, the smoke alarm becomes 
inoperative and often this condition cannot be detected until the smoke alarm is tested. 
This may result in quite a dangerous situation should a fire break out whilst the smoke 
alarm is inoperative. 

(ii) The 9V battery is used to power the smoke alarm at all times and although Type 1 
smoke alarms arc designed to be very economical of batteries, the batteries only last 
about one year. 

Type 2 

A smoke detection and alarm system comprising of dual supply smoke alarms where the 
primary (normal) power supply is mains supply and the stand-by power supply is in the 
form of non-rechargeable batteries as found in Type 1 smoke alarm previously described. 

In Type 2 smoke alarms, although the smoke detection functions of the smoke alarm are 
carried out using power from mains supply, the stand-by battery is constantly being 
monitored and periodically tested as described for Type 1 smoke alarms. 

The difficulties/disadvantages of Type 2 smoke alarms are: 
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(i) The constant monitoring of Ac smoke alarm standby battery results in a small but 
constant c urren t drain which effectively reduces the battery life which, again, is 
around one year. 

(0) The design of the smoke alarm, although offering a full battery back-up for times of 
mains failure, is complicated and costly due to the provision of safety features to avoid 
accidental and potentially lethal contact with live parts of the smoke alarm while the 
standby battery is being replaced. 

(iii) Because the smoke alarms are hard wired directly to the mains wiring system, the 
installation of the smoke alarms is specialised and is required to be carried out by a 
licensed electrician, thus adding to the overall installation cost of the system. 

T ypg3 

A smoke detection and alarm system comprising of dual supply smoke alarms as for Type 2 
except that the smoke alarms stand-by batteries are of the rechargeable type. 

The difficulties/disadvantages of Type 3 smoke alarms are as previously described for Type 
2 smoke alarms. Type 3 smoke alarms have the further disadvantage that the rechargeable 
batteries are relatively expensive and require the provision of a battery charging circuit 
which also adds to the overall cost of the system. 

Type 4 

A smoke detection and alarm system comprising of dual supply smoke alarms where the 
primary (normal) power supply is of the extra low voltage type derived from mains supply, 
and the stand-by power supply is in the form of a rechargeable battery which is normally 
part of a separate control box/paneL 

The main difficulty/disadvantage with a system comprising of Type 4 smoke alarms is that, 
apart from the high cost of the rechargeable battery, the system also requires a battery 
charger and an electronic circuit to test the battery condition. The battery testing 
furthermore becomes a manual function of the system so that the overall reliability of the 
system is greatly reduced when considering the fact that the standby batteries of Types 1, 2 
and 3 smoke alarms are automatically tested at least once every minute by the smoke alarm 
internal electronic circuitry. 

It is the object of the present invention to provide fire detection and alarm systems where all 
or some of the above difficulties/disadvantages are overcome to provide much improved 
and cost effective systems. 

According to the present invention, there is provided a smoke detection and alarm system 
including, one or more low cost battery operated smoke alarms fitted with internal non 
rechargeable standby batteries, a reactive primary power supply derived from mains supply, 
and connecting means for connecting the reactive power supply to each of the system's 
smoke alarms, the system being characterized in that 
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( 1 ) said reactive primary power supply comprises: 



(al) means for providing a d.c. supply of slightly higher voltage than the smoke alarm 
standby battery voltage, and 

(a2) means for detecting the higher than quiescent current supplied by the reactive 
power supply when any of the smoke alarms connected as part of the system is 
in alarm or self-test mode, and 

a3) means of lowering the d.c. supply voltage made available to power the system's 
smoke alarms when a higher than quiescent current is detected: and 

(2) said smoke alarms comprise: 

(bl) means by which aD the current required under quiescent condition, with primary 
power available, is supplied by the reactive primary power supply, and 

(b2) means by which a very high proportion of the current required when any of the 
system's smoke alarms is in self test mode is supplied by the smoke alarm battery 
as the d.c. voltage of the reactive primary power supply drops in self-test mode; 
and 

(3) aD the above system's characteristics resulting in: 

(cl) the condition of the stand-by battery of each smoke alarm being tested at regular 
intervals to provide an audible warning if the battery is depleted, disconnected or 
missing, and 

(c2) the standby banery of each smoke alarm supplying quiescent current only for very 
brief periods to result in the standby baueries having a longer life weD in excess 
of the average one year life common with existing systems, and 

(c3) the system being of very low overall cost and of much improved reliability. 

Embodiments of the invention are described in detail in the foDowing subsections of the 
specification and as illustrated by the accompanying drawings. The drawings, however, are 
merely illustrative of how the invention might be put into effect and are not to be 
understood as limiting on the invention. 

FIRST EMBODIMENT 

In a simple form of the invention, the system is wired as in FIG 1. 

Under quiescent conditions the mains powered ELV reactive primary supply consisting of 
plugpack PP and zener diode Zl supplies power continuously to the smoke alarm S at 
approximately 1 OV dx. The voltage is derived in the following manner: 
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(i) The voltage output of the ptugpack is around 12V <Lc. 

(ii) The voltage drop across Zl, nominally rated at 4.7V is only about 1.5 to 2V under the 
very low quiescent current conditions. This drop of voltage results in Point A of FIG 
1 being at approximately 10V under quiescent conditions. 

Under quiescent conditions, Ac 10V available at point A is higher than the voltage of the 
standby battery Bl. This results in diode D2 conducting to allow the primary supply to 
power the smoke alarm whilst diode Dl is reversed biased and no current is supplied by the 
battery. 

When the smoke alarm enters into self-test mode, the current increases briefly to a value 
much higher than the quiescent current causing the voltage dropped across Zl to increase. 
This results in the following: 

- Battery missing or not connected 

If the standbv banery is missing from the smoke alarm, or is not connected, the voltage 
dropped across Zl increases to the full 4.7V at which the zener diode is rated. This 
results in the voltage at point A dropping to approximately seven volts which is below 
the low voltage threshold value of the smoke alarm. The smoke alarm electronic 
circuitry, having sensed this low voltage when in self test mode, gives an audible wanting 
to indicate that the battery is missing or disconnected. 

- Batterv low or defective 

If the batteiy is low or defective, the higher current in self test mode is supplied mainly 
by the battery' as both the battery voltage and the voltage at point A drop under 
increased current drawn by the smoke alarm. The voltage at point C therefore drops to 
a value lower that the low voltage threshold value and the smoke alarm provides an 
audible warning to indicate that the battery is low or defective. 

If the battery is a healthy one, the voltage at point C wiD also drop as previously 
described but the lower voltage then available remains above the smoke alarm low 
voltage threshold value and no audible warning is emitted. 

LED h in series with resistor Rl, provides an indication at the smoke alarm that power 
from the primary supply is available. Diode D2 prevents the LED from being operated 
by the battery when the primary supply fails. 

- Alarm Condition 

Under alarm conditions, the current drawn by the smoke alarm fluctuates with the 
intermittent beeping of the smoke alarm sounder. This results in high current pulses 
during which the smoke alarm operation is similar to its operation in self test mode. It 
should be noted however that irrespective of whether the standby battery is missing, low 
or not connected the lower voltage made available by the reactive primary power supply 
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under high current conditions is adequate to allow the smoke alarm to operate normally 
in self-test and alarm modes. This is also true for all subsequent forms of the invention. 

Referring to FIG 1, apart from plugpack PP, all components including terminals Tl and 
TZ are in or on the smoke alarm device itself as an "add-on" circuit to the smoke alarm 
original electronic circuit Alternatively, the components can be incorporated as part of 
the internal electronic circuit of the smoke alarm at time of manufacture. 

It should also be noted that one limitation of this simple form of the invention is that, if a 
battery is fitted to the smoke alarm which is in good condition, under alarm conditions 
most of the current drawn by the smoke alarm device under high intermittent current 
pulses is supplied by the standby battery and not by the reactive primary power supply. 
This limitation is overcome in subsequent forms of this invention described in later 
sections of this application. 

To reduce the total number of components and minimize costs, it may be preferable, if the 
system includes more than one smoke alarm, to build the reactive primary power supply 
totally separate from the smoke alarm. The system is then wired as shown in FIG 2 whose 
operation is essentially the same as that for the system according to FIG 1 with the 
exception of: 

(i) components Rl and I ED 3 for reactive power on indication are removed, and 

(ii) all smoke alarms are wired in parallel from terminals T3 and T4 of the reactive primary 
power supply. If an indication of external power availability is required in this system 
configuration, an led can be provided in series with each smoke alarm reactive primary 
power supply line, between points CI and C2 within each smoke alarm, which will 
glow when its corresponding smoke alarm is in sell-test mode if external primary 
reactive power is available. If this option is chosen, diode D2 becomes redundant 

SECOND EMBODIMENT 

In this form of the invention, the system is wired as in FIG 3 to overcome the limitation of 
the previously described system where most of the high intermittent current pulses, under 
alarm conditions, are supplied by the stand-by banery of the smoke alarm. According to 
FIG 3, the reactive primary power supply consists of all components of FIG 3 with the 
exception of smoke alarm S, diode D2 and banery Bl . 

Referring to FIG 3, under quiescent conditions the current in the diode section of 
optocoupler OC1 is negligible resulting in the photo-transistor of OC1 being turned off. 
Therefore transistors Q5, 03 and Q4 are also turned off resulting in resistance Rl being 
effectively connected in series with zener diodes ZA and Z2 across the 12V dx. supply of 
plugpack PP. The voltage at point B, which is equal to the zener voltage ratings of Zl and 
Z2, is applied to the base of transistor Q2 causing both Q2 and Ql to conduct to provide 
approximately 9.5V d.c. at point A. Since this voltage is higher than the voltage of the 
standby banery BL diode D2 is reversed biased resulting in the battery not supplying any 
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current to the smoke alarm. The current then is supplied to the smoke alarm through diode 
Dl from the reactive primary supply. 

Under the brief self-test mode, the higher current drawn by the smoke alarm causes the 
photo-transistor section of OC1 to conduct thus instantly turning on Q5 by providing it with 
base current through R2 and D3. As Q5 conducts, Zl is effectively by-passed and the 
voltage at point B is then equal to the sum of the zencr voltage of Z2 and the coDector to 
emitter voltage of Q5. This voltage is applied to the base of Q2 which operates as 
described before to provide a lesser voltage at point A. 

The voltage at point A under self-test mode is less than the low voltage threshold of the 
smoke alarm and is typically around seven volts. 

- Battery missing or hot connected 

If the baUcry is missing or is not connected. aD the current under self-test mode is 
supplied by the reactive primary power supply and the smoke alarm senses the drop in 
voltage, which is now below the low battery threshold voltage, to emit a battery missing 
audible warning or indication. 

- Battery low and needs replacement 

If the battery is low, the current under self-test mode is supplied by the batten' and to a 
much lesser extent, by the primary supply. As the battery is not a healthy one, the 
voltage appHed to the smoke alarm drops to a voltage lower than the value of the low 
battery threshold voltage of the smoke alarm which therefore emits an audible warning to 
indicate a low battery. 

It should be noted that when the smoke alarm is in self-test mode, capacitor CI is being 
charged through resistor R3. However, since the self-test period is very brief, the voltage 
at the base of transistor Q4 does not rise sufficiently to cause Q4 and Q3 to conduct and 
they are therefore ineffective during self-test mode. Charging of capacitor CI ends at the 
end of the self- test period when the capacitor starts to discharge through R4 until the 
smoke alarm enters into self-test mode again. 

If the battery fitted to the smoke alarm is in good condition, in self-test mode the voltage 
applied to the smoke alarm stabilizes at a value higher than the smoke alarm low battery 
threshold voltage and the current drawn by the smoke alarm is supplied in the main by 
the standby battery Bl of the smoke alarm. Since the voltage applied to the smoke alarm 
does not drop below the low battery threshold value, no audible warning is emitted. 

- Alarm Condition 

Under alarm condition, the reactive power supply initially behaves as previously described 
for the self-test mode each time a higher current pulse is detected by the optocoupler 
OC1. Under the higher current pulses, the voltage at point A drops and the battery takes 
over in supplying most of the current to the smoke alarm. 
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However, under alarm condition, capacitor CI acquires enough charge to cause Q4 and 
hence Q3 to conduct after a period of time which normally is of a few seconds. As Q4 
and Q3 conduct the voltage at point C drops to a very low value and transistor QS is 
turned off. As a result of this situation, the voltage at point B is raised to a voltage equal 
to the sum of the zener voltage ratings of Zl and Z2 and the voltage at point A rises to 
the original 9.5V Ac. This voltage is higher than the battery voltage and the smoke alarm 
is supplied with current exclusively from the reactive power supply for the rest of Ac 
alarm period* At the end of the alarm period, CI starts discharging through R4 and the 
circuit is restored to its quiescent condition. 

Referring to Fig 3, apart from phigpack PP, all components including terminals Tl and 
T2 and resistor RS and LED 1 for primary power available indication are mounted in or 
on the smoke alarm as a separate "add-on" circuit. Alternatively, these components 
could be incorporated as part of the smoke alarm electronic circuit at time of 
manufacture. 

To reduce the total number of components and minimize on costs, it may be preferable, if 
the system includes more than one smoke alarm, to build the reactive primary power supply 
totally separate from the smoke alarm. The system is then wired as shown in FIG 4 whose 
operation is essentially the same as that for the system according to FIG 3 with the 
exception of: 

(i) components R5 and LED 1 for reactive power on indication are removed, and 

(ii) all smoke alarms are wired in parallel from terminals T3 and T4 of the reactive primary 
power supply. If an indication of external power availability is required in this system 
configuration, an led can be provided in series with each smoke alarm reactive primary 
power supply line, between points E and El within each smoke alarm, which will glow 
when its corresponding smoke alarm is in self test mode if external primary reactive 
power is available. If this option is chosen, diode Dl becomes redundant 

THIRD EMBODIMENT 

In this form of the invention, the smoke detection and alarm system is wired as in Fig 5, for 
the reactive primary power supply, and FIG 6 for any of a plurality of smoke alarms 
included in the system. This form of the invention provides additional system features as 
follows: 



(i) the primary reactive power supply includes means of remotely testing the smoke 
alarms included in the system, and 

(ii) the system's smoke alarms include means of accepting a signal on a third conductor, so 

as to cause them to be tested, and 

(iii) the primary reactive power supply includes means so as to provide an output to carry 
any of the following functions: 
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(a) activate a security system or any other monitoring system if the system is in alarm 
after smoke has been detected, 

(b) activate a sounder, flashing light or any other warning device if the system is in 
alarm, 

(iv) the primary reactive power Bupply includes means to provide common alann 
communication between all system's smoke alarms so that if one smoke alarm detects 
smoke, aD other smoke alarms forming part of the system arc activated, 

(v) the primary reactive power supply includes a timing circuit that allows the functions 
mentioned in section (iii) and (iv) above to time out after a set period so as not to 
cause any inconvenience as a result of the system remaining in alarm for a long period 
of time, 



(vi) the primary reactive power supply further includes means by which the system can be 
reset should an alarm occur which causes the system to latch into alarm mode. 

Referring to FIG 5, the reactive primary power supply incorporates a 15V stepdown 
transformer T connected to the mains supply system, rectifying diodes Dl, D2, D3 and D4, 
a 12V voltage regulator REG. decoupling capacitors CI and C2. and a smoothing capacitor 
C3 to provide a regulated 12V d.c. supply at point A of the circuit. LED1, in scries with 
resistor R4, provides an indication at the reactive primary power supply that mains power is 
available. Zener diode Zl, rated 24V 5W, is included to provide circuit surge protection. 

QUIESCENT CONDITION 

Under quiescent conditions and with a plurality of smoke alarms such as those illustrated in 
FIG 6 connected in parallel across the positive and negative supply terminals of the reactive 
primary power supply, T3 and Tl respectively, the voltage drop across diode D5 in parallel 
with resistor Rl is negligible since the cuircnt flowing in Rl is of the order of microamps. 
A typical value of 03V voltage drop with a value of Rl of 2000 ohms and a total 20 smoke 
alarms connected to the system. 

The quiescent current drawn by the smoke alarms also flows through diodes D7, D8, D9 
and D10, in parallel with R14^ which are connected in the return path to ground of the 
reactive primarv power supply. Under quiescent conditions, the voltage across these diodes 
and resistor R14 is also low. With 20 smoke alarms connected to the system, this voltage 
drop is also of the order of 0.3V with a typical value for resistor R14 of 2000 ohms. 
Therefore, considering the above two voltage drops, the voltage available to power the 
smoke alarms connected to terminal Tl and T3 of the reactive primary power supply is of 
the order of 11.4V under quiescent conditions. With reference to FIG 6 this voltage is 
applied to the smoke alarm supply Hues LI and L2. The fonvard voltage drop of LED3 of 
the smoke alarm, of the order of 1.2V under low quiescent current results in the voltage at 
point G of all of the system's smoke alarms being approximately 10.2V. This voltage is 
higher than the 9V batten' voltage of the smoke alarm batteries Bl so that the smoke alarm 
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diode Dl 1 is reversed biased and the totality of the system's quiescent current is supplied by 
the reactive primary power supply. 

With reference again to FIG 5 and under quiescent conditions, the 0.3V drop across D5 
and Rl is not sufficient to turn transistor Ql on. Therefore the voltage across capacitor C4 
is negligible so that the input to Schmidt trigger Nand gates Gl and G2 is low. This results 
in points C and D to be at logic high and in points E and F to be at logic low. Transistor 
Q2 and Q3 therefore do not conduct and LED2 is extinguished indicating that there is no 
alarm registered at the primary reactive power supply. Since Q2 is ofL, relay R does not 
operate and the relay changeover contact wired to terminals T4, T5 and T6 does not toggle. 
The other normally open contact of the relay, RC1, remains open and transistor Q4 is off. 

SELF-TEST MODE 

If any of the system's smoke alarms enters into self-test mode, the system's operating 
current rises with the following effect: 

(a) Smoke alarm battery missing or not connected 

If the battery of the smoke alarm in self-test mode is missing or not connected, the 
increased c ur r en t in self-test mode results in the voltage drop across the resistor Rl in 
parallel with diode D5 rising to the forward voltage drop of the diode, that is 
approximately 0.6V. Similarly, the voltage drops across diodes D7, D8, D9 and D10 
and LED3 of the smoke alarm in self test mode to rise to 2.4V and 2 volts respectively. 
The total voltage drop is therefore around 5V so that the voltage at point G of the 
smoke alarm in self test mode drops to seven volts, which is below the low battery 
threshold voltage of the smoke alarm. The smoke alarm in self-test mode emits a brief 
audible warning to indicate that the banery is missing or not connected. 

Whenever any of the smoke alarms of the system is in self test mode, the 0.6V drop 
across D5/R1 causes Ql to conduct so that capacitor C4 starts charging through resistor 
R5. The time constant of the combination of R5 and C4 is made sufficiently large so 
that the charge acquired by capacitor C4 is not sufficient under the brief self-test 
periods, to cause gates Gl and G2 to toggle. 

The reactive power circuit, apart from decreasing the voltage made available at terminals 
Tl and T3, behaves in exactly the same manner as previously described for quiescent 
conditions when any of the system's smoke alarms is being tested. 

Resistor R7 across capacitor C4 ensures that the capacitor is slowly discharged in 
between the brief self-test periods. 

(b) Smoke alarm banery low or depleted 

If the battery of the smoke alarm in self test mode is low or depleted the voltage of both 
the battery and the reactive primary power supply will drop to cause the voltage at point 
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G of the smoke alarm in self-test mode to stabilize Ma voltage lower th^^e low banc^ 
threshold voltage of the smoke alarm. A brief audible warning * therefore emitted by 
the smoke alarm to indicate a low battery. 

In self test mode most of the test current drawn by the smoke alarm is supplied by the 

i2 a^^lcc only a fraction «*~rZ$l^£X£ 
voltage of the reactive primary power supply to drop to a level which » W<™™ 
battery threshold voltage. With the value of Rl and RH equal to 2000 ohtns^tos 
porS of the test cturent is less than 1.5mA whereas the self-test current of smoke 
alarms are normally of the order of 10mA or more. 

(c) <?mr.V^ alar m hatterv in pr*>d condition 

If the battery of the system's smoke alarm in self test mode is in good condition, although 
boiJ fceStery vohage and the voltage of the reactive primary power supply 1 drop 
unLmcreased self current, the drops in voltage are insufficient to cause thevohage 
aTpomTc of the smoke alarm in self-test mode to drop below the low banery threshold 
voltage. Therefore, the smoke alarm docs not emit any audible warning. 

AT ARM CONDITION 

Should one of the system's smoke alarms detect smoke, a portion of the higher ^ current 
dVawn bTme smoke alarm is derived from the reactive primary power supply to cause 
^ZSqI "onduct. As a result of mis, capacitor C4 starts to charge ^hrough res*£ 
R^d, after a period of time determined by the values of C4 and R5. the voltage at pomt 
B is raised sufficiently to cause the following: 

(a) Gate G2 toggles and point D is brought to logic low to cause the output F of gate G4 to 
{ ) B T^ £ L^g^or Q3 on so that the alarm led. LED2, glows to indicate 

that the system has registered an alarm, and 

(b) Sirrularrv, Gates Gl and G3 toggle to turn transistor Q2 and relay R on. The operation 
of the relay causes 

(i, the rehv output changeover contact to toggle and this action may be used to trigger 
(,) TJcX s^Tany other monitoring system, or operate a warning device, and 

,i» the relay contact RC1. which is normally open, to close. This action provides a 
00 voltage o^e interconnect line of the system through the action , of tte potent* 
rf R „ and R i2 The closure of RC1 also has the effect of turning transistor 
SSiv « sTurat t tHal maximum voltage drops across Rl and R14 are bo* .of 
)i „f n fiV Therefore the output voltage of the reactive primary power 

JITS?— <° >° « v ««- - — to 

been registered. 

The 10.8V output of the reactive power supply is applied, through the system supply 
Hnes LI and L2. to terminals T7 and T8 of the activated smoke alarm. This 
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causes the voltage at point G of the activated smoke alarm to stabilize at around 
8.8V. Under such condition the stand by battery supplies negligible current to the 
smoke alarm whose current demand is then met almost entirely by the reactive 
primary power supply. 

COMMON ALARM COMMUNICATION 

Smoke alarms incorporate a test switch, which when activated, causes the smoke alarm to 
be tested. Depending on the smoke alarm design, manual testing of the smoke alarm either 
grounds one side of the test switch or connects one side of the test switch to a voltage at or 
close to the supply voltage. This action results in the smoke alarm electronic circuitry to be 
activated and tested. FIG 6 refers to smoke alarms which require one side of the test switch 
to be raised to a voltage close to the supply voltage for the purpose of testing. 

As previously detailed, when an alarm is registered, the activation of relay R of the reactive 
power supply causes the interconnect supply Hne INT to be raised to a voltage close to the 
supply voltage of the primary power supply through the action of the potential divider 
Rl 1/R12. This voltage is applied to all smoke alarm test switches through the smoke alarm 
diodes D12 (FIG 6) to cause them to simultaneously test. Sounders of all smoke alarms are 
therefore activated providing common alarm communication between all system's smoke 
alarms. Diode D12 of each smoke alarm is required so as to maintain the functionality of 
each smoke alarm test switch. 

It is to be noted that, once the relay R (FIG 5) of the reactive primary power supply is 
activated, the system latches into alarm mode as the energization of the system's 
interconnect line INT causes the system's current to further increase so as to maintain the 
capacitor C4 fully charged. Therefore, all smoke alarms of the system continue to sound 
until the timing circuit consisting of resistor R3 and capacitor C5 causes the voltage at point 
C to rise to logic high, making gate G3 toggle to de-activate the relay. This timing out of 
the alarm period, normally set between 60 and 300 seconds, minimizes the possibility of 
disturbances to the neighbourhood should an alarm be raised when the premises are not 
occupied. After R3 and C5 time out, the interconnect Hne is de-energised through the 
deactivation of the relay R so that only the smoke alarm(s) which are detecting smoke wiD 
continue to sound. After all alarms are cleared, the system is automatically reset through 
the action of resistor R7 which slowly discharges capacitor C4 until gates Gl and G2 toggle 
back to their quiescent condition. 

REMOTE TESTING 

Remote testing of the system's smoke alarm is carried out by activating normally open test 
push button switch TS to quickly charge capacitor C4 and cause the test facility of each 
smoke alarm to be activated by the energisation of the interconnect line INT. The system 
wfll remain in this mode and the smoke alarms will continue to sound until the timing circuit 
consisting of R3 and C5 times out. During that period, however, a walk through check can 
be carried out to ascertain that all smoke alarms arc sounding to indicate good operational 
condition. If any smoke alarm is found to be silent when the system is in test mode, then 
that particular smoke alarm has failed the test. 
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REMOTE SYSTEM RESET 

It is sometimes practical and convenient to abort the alarm/warning raised by the system as 
exemplified by the foBowing two cases: 

(j) after a walk-through test is completed, it is not practical and convenient to wait for the 
system to time out, which could take several minutes, before the system is silenced or 
reset 

(ii) after an alarm has been registered, and before the system times out, it is not convenient 
to have sounders of all smoke alarms operating whfle the fire is investigated. 

Therefore a normally open push button reset switch RS is provided which, when 
activated, causes capacitor C4 to quickly discharge through resistor R6 to reset the 
system. It is to be noted that if the system is reset, and a smoke alarm which is part of 
the system is still detecting smoke, the latter will be the only smoke alarm to continue 
to sound and this helps in determining the location where smoke was detected. If the 
smoke alarm continues to detect smoke, capacitor C4 starts to charge again and the 
process of system's alarm detection is repeated until the system latches in alarm mode 



again. 
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CLAIMS 

(1) A smoke detection and alarm system including, one or more low cost battery operated 
smoke alarms fitted with internal non rechargeable standby batteries, a reactive primary 
power supply derived from mains supply, and connecting means for connecting the 
reactive power supply to each of the system's smoke alarms, the system being 
characterized in that 

(1 ) said reactive primary power supply comprises: 

(al) means for providing a d.c. supply of slightly higher voltage than the smoke 
alarm standby battery voltage, and 

(a2) means for detecting the higher than quiescent current supplied by the reactive 
power supply when any of the smoke alarms connected as part of the system 
is in alarm or in self-test mode, and 

(a3) means of lowering the d.c. supply voltage made available to power the system's 
smoke alarms when a higher than quiescent current is detected; and 

(2) said smoke alarms comprise: 

(bl) means by which all the current required under quiescent condition, with primary 
power available, is supplied by the reactive primary power supply, and 

(b2) means by which a very higji proportion of the current required when any of the 
system's smoke alarms is in self test mode is supplied by the smoke alarm 
battery as the d.c. voltage of the reactive primary power supply drops in 
self-test mode; and 

(3) all the above system's characteristics resulting in: 

(cl) the condition of the stand-by banery of each smoke alarm being tested at 
regular intervals to provide an audible warning if the battery is depleted, 
disconnected or missing, and 

(c2) the standby battery of each smoke alarm supplying quiescent current only for 
very brief periods to result in the standby baneries having a longer life well in 
excess of the average one year life common with existing systems, and 

(c3) the system being of very low overall cost and of much improved reliability. 

(2) A smoke detection and alarm system according to claim 1, wherein said reactive 
primary power supply includes a phigpack so that connection to the mains supply 
system is non specialised, simple and docs not require the services of a licensed 
electrician or engineer. 
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(3) A smoke detection and alarm system according to any preceding claims, wherein 

(1) said primary reactive power supply includes means of supplying a test signal, on a 
third system's conductor, when the primary reactive power supply test switch is 
operated, and 

(2) said system's smoke alarms include means of accepting the above mentioned test 
signal which is appHcd to one side of the test switch of each smoke alarm to cause 
each smoke alarm to be remotely tested. 

(4) A smoke detection and alarm system according to claim 3, wherein said reactive 
primary power supply includes means by which the third system's conductor is 
energised, after an alarm has been registered, to cause all smoke alarms to be activated, 
as if they were being tested, to provide common alarm communication between all 
smoke alarms. 

(5) A smoke detection and alarm system according lo claims 3 and 4, wherein said reactive 
primary power supply includes means to cause any alarmAvarning raised such as the 
activation of sounders of all smoke alarms through remote testing or through common 
alarm communication after an alarm has been registered by the primary reactive power 
supply, to be silenced automatically after a set period of time so as not to cause any 
unnecessary annoyance to the neighbourhood if an alarm was to be raised in premises 
which are not occupied. 

(6) A smoke detection and alarm system according to claim 5, wherein said reactive 
primary power supply further includes a reset switch which, when activated, causes 
any alarm/warning raised to be manually silenced or reset. 

(7) A smoke detection and alarm system according to any preceding claims, wherein said 
reactive primary power supply includes means, such as relay contacts, to interface with 
a security or monitoring system or to operate a warning device after an alarm has been 
registered by the reactive primary power supply. 
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